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Description 



This invention relates to vaccine compositfons containing attenuated bacteria 

mnnTi 1^^'° ^""^'^^"^ ^ "^"^ generation of live oral salmonella vaccines based upon strains of Sal- 

^ Which have been attenuated by the introduction of a non-reverting mutation in a gene in the a"ornatic bS 
«ieuc pa hway of the bactenum. Such strains are disclosed, for example, in EP-A-0322237. The afoS livroral 
SSTf^c T'""' 'T'"^ salmoneltosis In man and animals, and they^n aTso Te 

used effectively as earners for the delivery of heterotogous antigens to the immune system CombSllMa 

TsZT^ST":""^''' '° '^'^^''^'^^ «""9°"s. Combined salmonella vaccines show greaSnlS 
PP 7T-83.^9T " " ''""^ P'-"- New 

ic r^^'^ Prablems to be overcome in the development of combined salmonella vaccines. A major consideratbn 
s Obtaining a high level of expression of the recombinant antigen in the salmonella vaccuie so thaT^ w iJTe suffilnt 

cell viabdrty [I. Charles and G. Dougan. TIBTECH 8. pp 117-21. 1990], rendering ?he vaccine ineffecSre or (ius^a 
^IsLr DNA several possible solu^ons .o this problem have been described^u^^ e^TesS 

An alternative approach to overcoming the aforesaid problem would be to use a promoter which is inducihi« in 

S?n ul°"H"f "J^^r ? '''^ """'^ Pro^t^rm which is inducS^ra^^er^t^to^s a^d 

^Zh f « 'f'^ P^°d"*=t'°" °' tetanus toxin fragment 0 (TetC) of Clostrklium tet^nU M n Sx re' 

ef a/Bion-echnology. Vol. 10. pp 888-92 1992) that an Aro Salmonella harbouring a construct exp SSq TetC 

^'T''^ ^^'^ ^'^^ antitetanus antibody responses m mk:e. The aSby Se d 

a/ was published after the priority date of this application wiameia sf 

alone frnZr^I'''^ '""""^ " ^ ""^P'^* '° the P28 antigen from Schistosoma m.n>:nni 
alone from nirB. the resulting construct was not immunogenic mansoni 

Bt aJZ::re7BT^T,\"^'!"^"'' T."" 'or chemically coupled guest epitopes Hemngton 

Llif. ^.u^ u P^'^"' 'mmunogenicity of TetC in Salmonella suggested to us that it may be 

possible to exploit this character to promote the immune response of the guest peptides or proteins However^sinn 
^ pro^e^s together often leads to an incorrectly foWed chimaeric proteS, whi* no long r S s .^e^Sies of 
ttie indivriualcornponents. For example the B subunit of the Vibrio chole,ae (CT-B) and E coli (LT-B) enterS^!,s ar 

and hence their .mmunogen.c.ty (see M. Sandkvist et al. J. Bacterioll69. pp 4570-6 1987 Clements 1990 rd M 
Lipscombe .ra/fMol. Microbiol 5. pp 1385 1990]. Moreover, many hetilS^Jous genes e^^SS^S tert!^ not 
stT£^ TT ^' ^<=tive fom« and tend to accumulatTas insoluble aggies Ne C Zln 

era Bion-echnologyS. pp 291-4. 1988andR.Halenbeckefa/;Bioa-echnology7.pp 710-5 19S1 

It IS an obiect of the invention to overcome the aforementioned problems ~ 
acZT^l^.^t!!^' T'"' TT^ °' recomb^nt antigens, and in particular fusion proteins, can be 
flSSno- ™ V salmonellae. by the use of an inducible promoter such as nirB and by incorporating a 

Ln bfr" J;!r immunogemcrty. It has also been found, surprisingly, that enhanced expS^oJa pr^T n 
^^^T^ r ^ '° Sene for tetanus toxin C fragment ' 

' ! '""^'^ P™""*^^ ^ composition comprising a pham«ceutically 

^ ^'"""^•^ « °NA constnict comprising a proJer whX SSf 

2lT ' '"^'"^r °' ' ^-^ti^^y ^f^^t^ i« '"d"<=«^ ""dec anaerobe cindi^S,s t^,l 

dr-s:;::r^'°^°'^^^^^"^^^^ 
ofaXtruSdr:^:;;':^^^^^ 

S^/firoS"^' ^ preferred aspects of the invention are as defined in the dependent claims appended hereto 
oens for etmni«T ''T" "^''"^""'^ ^-eterologous proteins and in particular can be polypeptide immun^ 
112,1^^^,1"^^ ^ ''"""^ « ^'■"'s- f=«=terium. fungus. Vast or parasit Tn 

The s cond protein is preferabty an antigenic detemiinant f a pathog nic organism. For exampi the antiaenic 
detem,.nant may be an antig nic sequenc derived from a vims, bacterium, fungus, yeast or parST ' ^ 
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fcrexarnp,e.o.H.V-1or-2..hepatitisA^^^ 

pohovKus type 2 or 3, foot-and-mooth disease vir.s (FMDV). rabies virus, ratals i^en a v^^^^^^^ 

the E7 protein or its eprtopes; and simian immunodeficiency virus (SIV) Examples of antiaens f n^r?? ^ 

cTcl r ^-°"^-^^'-"-P-^"3sis (e.g. P69 protein and Cntous h^L g^^^^^^^^^^^ 

cholerae,Bac.llu.santhraris and Ecoli antigens sucf, as Ecdi heat Ubile toxin B subunrt o, S 

0 Zl^TSoZ,l~if'7- '^'^^ °' ^""3^- ^« -'^-e arIiig^n^.Soma 

SSs Ch arrfr^/h^^^^^^ ^'''^ ""''9'"^' ^"^ ^""9^"^ °' ""kes. mycopbsma roundwo^ 

Ji, T ^^■^^^■^^^^•^^^^ 19891 lthfl«al«nh ^ 

fi ^I^V^^'^^yT "P *° a"""^ acids, for example at least 4 and oreferablv 

In one preferred embodiment, the hinge region is a chain of four or more amino acids defining the sequence 

- [X ] p-Pro- [ Y] q-Pro- f Z ] j.- 
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Codons which are infrequently utilised in E.coli (H. Grosjean Btal, GeneJS, 199-209. 1982] and Salmonella are 
selected to encode for the hinge, as such rare codons are thought to cause ribosomal pausing during translation of 
the messanger RNA and allow for the correct folding of polypeptide donnains [I J. Purvis et at. J, MoL Biol. 193. 41 3-7 
1987]. In addition, where possible restriction enzynnes are chosen for the cloning region which, when translated in the 
5 resulting fusion, do not encode for bulky or charged side-groups. 

In a preferred embodiment of the invention, the nirB promoter sequence is operably linked to a DNA sequence 
encoding first and second polypeptide immumogens linked by a hinge region, wherein the first polypeptide immunogen 
comprises tetanus toxin fragment C or epitopes thereof. 

It has been found that by providing a DNA sequence encoding tetanus toxin fragment C (TetC) linked via a hinge 
^0 region to a second sequence encoding an antigen, the expression of the sequence in bacterial cells is enhanced relative 
to constructs wherein the fragment C and hinge region are absent. For example, the expression level of the full length 
P28 protein of S. mansoni when expressed as a fusion to TetC was greater than when the P28 protein was expressed 
alone from the nirB promoter. The TetC fusions to the full lenght P28 protein of S. mansoni and Its tandem epitopes 
were all soluble and expressed in both E.coli and S.typhimurium. In addition, the TetC-P28 fusion protein was capable 
'5 of being affinity purified by a glutathione agarose matrix, suggesting that the P28 had folded con-ectly to adopt a con- 
formation still capable of binding to its natural substrate. 

Stable expression of the first and second heterologous proteins linked by the hinge region can be obtained in vivo. 
The heterobgous proteins can be expressed in an attenuated bacterium which can thus be used as a vaccine. 

The attenuated bacterium may be selected from the genera Salmonella. Bordetella. NAbrio. Haemophilus. Neisseria 
zo and Yersinia. Alternatively, the attenuated bacterium may be an attenuated strain of enterotoxigenic Escherichia coli. 
In particular the following species can be mentioned: S. typhi - the cause of human typhoid; S.typhimurium - the cause 
of salmonellosis in several animal species; S.enteritidis - a cause of food poisoning in humans; S.choleraesuis - a 
cause of salmonellosis In pigs; Bordetella pertussis - the cause of whooping cough; Haemophilus influenzae - a cause 
of meningitis; Neisseria gonorrhoeae - the cause of gonorrhoea; and Yersinia - a cause of food poisoning. 
^5 Attenuatk>n of the bacterium may be attributable to a non-reverting mutation in a gene in the aromatic amino acki 

biosynthetic pathway of the bacterium. There are at least ten genes involved in the synthesis of chorismate, the branch 
point compound in the aromatic amino acid brasynthetic pathway Several of these map at widely differing kxations 
on the bacterial genome, for example aroA (5-enolpyruvylshikimate-3-phosphate synthase), aroC (chorismate syn- 
thase), aroD (3-dihydroquinate dehydratase) and aroE (shikimate dehydrogenase). A mutation nnay therefore occur in 
^0 the aroA, aroC. aroD. or aroE gene. 

Preferably, however, an attenuated bacterium harbours a non-reverting mutation In each of two discrete gen s in 
Its aromatic amino acid biosynthetic pathway. Such bacteria are disclosed in EP-A-0322237. Double aro mutants which 
are suitable are aroA aroC. aroA aroD. and aroA aroE. Other bacteria having mutations in other combinations of th 
aroA. aroC. aroD and aroE genes are however useful. Particularly preferred are Salmonella double aro mutants, for 
35 example double aro mutants of S. typhi or S.typhimurium, in particular aroA aroC . aroA aroD and aroA aroE mutants. 
Attemativety. the attenuated bacterium may harbour a non-reverting mutation in a gene concemed with the regulation 
of one or more other genes (E P-A-0400958). Preferably the mutation occurs in the ompR gene or another gene involved 
In regulation. There are a large number of other genes which are concemed with regulatbn and are known to respond 
to environmental stimuli (Ronson etai. Cell 49^ 579-581). 
40 This type of attenuated bacterium may hartxsur a second mutatkwi In a second gene. Preferably the second g ne 

is a gene encoding for an enzyme involved in an essential biosynthetic pathway. In particular genes involved in th 
pre-chrorismate pathway Involved in the biosynthesis of aromatic compounds. The second mutation is therefore pref- 
erably in the aroA, aroC or aroD gene. 

Another type of attenuated bacterium is one in which attenuatton is brought about by the presence of a non- 
^ reverting mutation in DNA of the bacterium which encodes, or which regulates the expression of DNA encoding, a 
protein that is produced In response to environmental stress. Such bacteria are disclosed in WO 91/15572. The non- 
reverting mutation may be a deletion, Insertion, inversran or substitution. A deletion mutation may be generated using 
a transposon. 

The vaccine composition of the invention may comprise one or more suitable adjuvants. 

50 The vaccine composition is advantageously presented in a lyophllised from, for example in a capsular form, for 

oral administration to a patient. Such capsules may be provided with an enteric coating comprising, for exampi , 
Eudragit "S". Eudragit "L", Cellulose acetate. Cellulose acetate phthalate or hydroxypropylmethyl Cellulose, These 
capsules may be used as such, or alternatively, the tyophilised material nnay be reconstituted prior to administration, 
e.g. as a suspension. Reconstitution Is advantageously effected in buffer at a suitable pH to ensure the viability of the 

55 organisms. In order to protect th attenuated bacteria and th vaccine from gastric acidity, a sodium bicartxxiate prep- 
aration is advantag ously administered befor each administration of th vaccine. Attemativ ly, the vaccine may b 
prepar d for parenteral administration, intranasal administration or intramammary administration. 

The vaccine composition of th invention may b us dinth prophylactic treatm ntof ahost, particulartyahuman 
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^rn^^nf nr'?'^ ^ ^ "^"'^ ^ micrc>organism. especial^ a pathogen, may therefore 

tZT^ ^XT r " °' ^ --P<«rt'°n accord ng to';: 

T^Z Th ? ?" 'T''^' ^ heterologous protein or proteins capable of raising antibody to the rnicrc! 

organ sm, The dosage employed will be dependent on various factors including the s^e and weighto^ the ho^ tf^e 
type of vaccine formulated and the nature of the heterologous protein 

.r»n^^rm!!n"^'^^ ''^'Tir ^ composition according to the present invention may be prepared by 

nraueZ bl IT"^^^^ 'T'T ' ^= i^Brei^teiore defined. Any suitable transforLL t^h 

n que may be empbyed, such as electroporation. In this way, an attenuated bacterium capable of expressing a protein 
or proteins heterologous to the bacterium may be obtained. A curture of the attenuated bacterium may beTrown TndTr 
aerobic condrt^ns^ A sufficient amount of the bacterium is thus prepared for fom^ulation as a vacc^e wZin^ 
expression of the heterologous protein occurring. minimal 

seau^nce I'i.S",' * 1"^ ^ ! '''^'^''^ '""^^ P^<^°««^ ^P^'^'^V ""ked to a DNA 

^^3nn« rl T.r^ a "'3'"'"' °' heterologous protein, linked by 

o, th T"- ""^^ '° '""""'^ ^ ^''P^^^^'^" ^''^^ «''«^dy incorporates a gene encSng 

tt?be hsL^ tS'"'' ^°'«^°'°9°"« Protein (e.g. an antigenk: sequence) 

H..J!ltlT^u^ ^ ^'""'"^^ appropriate transcriptional and translational control elements including 
h T ■ ^.!:^«="P»^^' ^^^-i'^''^" ^ translattonal start and stop codons. An apprS 

marker gene such as an antibiotic resistance gene. The vector may be a plasmid 
draw^g^rn'^'S,''''""^''''''""^^^^^^ 

S'S meTnventSn' °' construction of an intemiediate plasmid pTECHI in accordance with on 

Figure 2 is a schematic illustration of the construction of a second intermediate plasmid pTECH2 
Figure 3 is a schematic illustration of the construction of a plasmW of the invention using the intermediate plasmid 
of Figure 2 as the starting material. In Figure 3 B= BamHI. E = E^RV; H = Hindllf X = Xbal- S - sTeT 
Figure 4 (s a schematic Illustration of the constructkjn of a plasmid containing repeatingl^ft^s (^epitopes) 
Figure 5 .nustrates antibody responses against recombinant Sman^ 

S^ptfr^Jirr^^ SL3261(pTETnir15TlG^(pTECH2). SL3261(pTECH2^^re , 

Fiau^eV.f^r^r^''""^''''^:^^^^^ 

Figure 5 the results are expressed as OO in individual mice at intervals after immunisatfon 

Figure 6 illustrates antibody responses against TetC as detected by ELISA in mice inoculated as In Roure 5 

SpslfnSrHP^^ilr^ "^"^ SL3261(pTECH2), SL3261(pTECH2-monom r). 

&L3261 (pTECH2-dimer). SL3261 (pTECH2-tetramer). and 

SL3261 (pTECH2-octamer). 

Figure 8.'^ ^ ^"""^^ recombinant P28 as detected by ELISA in mice inoculated as in 

Figure 10 illustrates schematically the preparation of varwus constructs from the pTECH2 intermediate plasmkJ 
PTECH2.'' ^-"^^cs^y the structure of tripartite protein structures (■heteromersrpn3F;arefusi^^ 

Figure 12 shows the DNA sequence of the vector pTECHL (SEQ ID NO: 17). 
Figure 1 3 shows the DNA sequence of the vector pTECH2, (SEQ ID NO* 18) 
Figure 14 illustrates, schemetically. the restriction sites on the vector pTECH2. 

EXAMPLE 1 
Preparation of pTECHI 

Th preparation of pTECHI. a plasmid incorporating the nirg promoter and TetC gene, and a DNA sequ nc 
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=o™i,„cl«< pTETWB (Ma W « J, M^^mf.T^^^ , in Figure 1 , „a, 

01 igo-1 5 ■ AATTCAGGTAAATTTGATGTACATCAAATGGTACCCCTTGCTGAAT 
Oligo-2 3 ' -GTCCATTTAAACTACATGTAGTTTACCATGGGGAACGACTTA 
,5 CGTTAAGGTAGGCGGTAGGGCC-3 • (SEQ ID NO: 2) 

GCAATTCCATCCGCCATC-5 • (SEQ ID NO: 3) 

20 



40 



ance with known methods 
EXAMPLE 2 
Construction of dTECHP 



45 



50 



sites^J, o?PCm ''^k""? °' P^^^"^- ^ «"ker sequence was introduced between the Xbal and BamHI 
tion enzyme teme iSr bIIhi ^ST^TI'^^ ol.gonucleotides were synthesised bearing the restric 



designated pTECH2. 
EXAMPLE 3 
^ Construction of pTECHl-PPfl 
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Expression of the Tetn .P28 fusion p rotein 

and P28 and is also of the expected molecular weight, 80kDal. tor a full length fusion 
Affinity purification of the TetC-P28 fusion 

EXAf^PLE 4 

Construction of PTECH2-PPfl (aa115-131^ oeotiria f....innc 
exprSsTrE^'J fH'ZlLT'f T^^^^^ 

expression in Ecoh (H. Grosjean et at idem]. The oligonucleotides were tailored with Bqlll and Soel cnh«,K,« o^J 

^^^^^ 

SSn fill ""'^ "'^ "'"^^"^^ ^'"^'y and effectively repeatSto .»ist^^ r. 

Expression of the TetC-paptide fusion proteins 

the Tefr PPfl f '"^r"*^ "'^^ "^"'"'^ °' '^""^^ ""-"ber fusions to T tC. As was the case with 
alone from pTECH2. wrth the expresswn levet gradually decreasing with increasing'copy numb r. 
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EXAMPLE 5 



Immunological Studies 

Stability of the olasmiri mnstmcts In vivo and immunisation of mice 

BALB/c mice were given approx. ^(fi cfu ifv or 5X109 orally of Sjvphimurium SL3261 and <?i <^5ri H=„t^ ■ .u 
different constructs. ..able counts on homogenates of liver, splee^^^S^S^nS^^^^^^^^^^^^ 
formed from days 1-8 (epitope fusions) and 1-11 (vector, octamer and P29 fusiL) war sir^lar LS^^^^^ and 
wrthout ampK:,lhn. indicating that the plasmids were not being lost during growth in the tissued 

Antibody responses in mice immunised Intravfl n ouslv Antibody responses to the TetC-P2B fusion 

Tail bleeds were taken weekly on weeks 3 to 6 from animals from each group of 8 mfce Figure 5 shows ih;,f i„ 
m,ce ,mmun,sed with salmonellae expressing the TetC-P28 fusbn, antibody responses to rSoSnt pts ro^^^^^^ 
by week 3. and were positive in 6/6 mice from week 4 onwards. No anti-I^B antibodies Z det^:tl^l sera S 
mce immunsed with either SL3261 or SL3261-pTETnir15 or pTECH2 

All mice immunised with salmonellae expressing TetC. either alone or as the TetC-P28 fusion (but not with salmo- 
nellae alone), made antibody to TetC appearing as early as the third week. (Figure 6). 

Antibodv responses to the TetC-oaptkje (uskans 

Mice immunised with salmonellae expressing TetC fused to multiple copies of the aa 115-131 peptkJe were bled 
as above and the sera tested by ELISA against the synthetic 115-131 pepikfe chemically con uqateTto oXmJ? 
Tand in""' '"T"": ' ^"'"^ ^^P^^^ '° P«Pt«« w'lTectS as i Jas we k 

tide The octamenc fusions elK:ited the best responses with 4-5 mice posrtive. No antibody responses werlH-fifr^ 
Se - "28 in mice immunised e^er with st^S^^^SS'^Z:^^^ 

Some of the anti-epitope sera recognised the full length P28 protein in ELISA (Figure 5). One mouse injected with 
me ^enc (usion was positKre at week 5. another mouse injected with the tetramerfc fusiin was^ZaT^ ^ 

^ Zerr '"'"'"^ ^^'^'^'^'y ^-^"--^ P^fr^ weTk four 

wi.h'.hf'J^"^'^ ^^'"^^ '"^"'''^ dramatically with increasing copy number 

Antibodv response to TetC in mice immunLs ^ d with the diffftmnt f..gir.ne 

modiS^^h"*^ '^^^ '° ^^'^ ^" 9^°"P^'- "'^ °' C-temiinal fusions to TetC clearly 

modrf ed the response. Figure 6 shows that the antibody response to TetC elicited by the vector ptTch? (TetC-S 
atone) was s.gn^cantly less than the TetC response to the parental vector. pTETnirlS. S^SS^t^i^Sitton to 
TetC of fusions of increasing size dramatically restores the response to TetC The anti-TetC respTse to m^lTa S 

Tp^Z te non-recombinan, SL3261 did not react with TetC at any Ume during 

Antibody r esponses in mice immunised ofally 

DTF?m Sfl ' ^° ""^^ orally with approx. 5X109 cfu of SL3261 alone or car^^ing pTECHI or 

PTECH1-P28. given intragastncally in 0.2ml via a gavage tube. Bleeds taken from week 3 to week i? showed iha 

thendi^^2f(Ffgi;e^ '""'"^'"'^ 

Antibody responses in mica i mmunised wfth the ounfied fuson protein 

Mice wer immunised subcutaneously with affinity purified TelC.P28 fusion protein adsorbed on aluminium hy- 
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olote? m?kl? '^r^^ commercial tetanus toxoid alone. Preliminary results indicate that animals given the fusion 

Svr.et::uTS^"^"^^ 

T-cell responses to TetC and P28 

Si.rl!!'„^h!t? ^ '^'^ approximately 10« cfu of SL3261, SL3261(pTETnir15) andSL3261(pTECH1.P28) 

extract and to TetC. However, cells from mice immunised with the salmonellae expressing the TetC-P28 fusion also 
responded to both recombinant P28 and whole womi extract. 

Thus the salmonella delivery system has elicited both humoral and cellular (T-cell) Immune responses to P28 

strain Ln hrf !''^'^"''"^ recombinant antigens all persisted in the mouse tissues as well as the parental 
strain, and the plasmids were not lost in vivo. Kaieiuai 

m,™J'"f ^"^'^^^^^ '"'S^'^f weight fusions (full length P28 and octamer) proved to be the most im- 

munogenic. It may be that the immune response has been promoted by the carrier TetC providing additit.am:Tll 

Sso fes^Z .^^^^^ '""S'' immunisation. Mice immunised 

to Wa ^'"'""^^ ^" ""^^ '''^'^^ '° P28. It may well be that the respons 

timS and m-T ? .""P^^-^ ~"^tructs consfeting of codon opUmised hinge regions. codJ^ op- 

timised P2a, and multiple copies of fulllength P28. are currently in preparation. 

The antibody responses to the epitopes improved dramatically with increasing copy number with the tetramerand 
octamer -repitope" fusions displaying the greatest potency. P/numoer. wnntne tetramerand 

EXAMPLE 6 

Cloning of HPVE7 protein in dTECH2 

inthrimSnr.r'^vi^'''^'^^^ 

in ine bamH! site of the vector hinge region. 

^!"^ ""^'"^"^ ''""^ PGEX16E7 (S.A. Comerford ef a/. J Virology, 65. 4681-90 1991) The 

gene n this plasmd is flanked by two restriction sites: a 3' BamHI site and a 5' EcoR^ite poTxieEr DNA w^s 
digested wrth EcoRI and blunt ended by a filling up reaction using Sequenase (D^polymerase fSn USB) It 
then digested with BamHI to release the 0.3 Kbp full length E7 gene po-ymerase irom usB). It was 

The gel purified gene was ligated to BamHI-EcoRV double digested pTECH2 and this ligation mixture used to 
transform competent EcoliHBIOI bacteria. s "gaiwn mixiure usea to 

« „!r'"""'"^"!!''°I^'^^ '^^'^ ^^'^'^'^ *^°'°"y '"°«'"9 "^^^S two monoclonal antibodies against HPV16 E7 prot in 
^Is^renTJurrTna^^^^^^^^ 

Protein extracts from pTE79 transfonned E^ grown in both aerobic and anaerobic conditions were oraoar d 
and analysed by SDS-PAGE and Western blotting. Growth in anaerobic conditions resuU^rexprTirof a 

EXAMPLE 7 

Constnjction of pTECH2-qD 

An immunologically important antigen from herpes simplex virus type 1 (HSV1 J is glycoprotein O temied qDI (R 

^^2). A truncated gOI gene cassetle, bcLgVhelnsmem Z an^^^ 

;fnl ? ^ «'^sm«'"b'ane domain. In addition the primers wer tailored with BamHI and Sgel restriction sit s 
n pBR3S-^ Wn'd o PCR reatbn was the pbsm« pRWFG {a HSV1 gD^^HI-J cloi^From strain Patton 

Z c;o!f ' H , • ^"^"^9 University]. The amplification product was digested with BamHI 

and|Eel and cloned into pTECH2 which had previously been digested with the resp ctive enzymes 

Expression of the TetC-gD1 fusion protein was assessed by SDS-PAGE and Westem blotting of bacterial strains 
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harbouring the constructs. The Western blots were probed with either anti-TetC polyclonal sera or a monoclonal anit- 
body directed against amino acids 1 1-1 9 of the mature gD (designated LP1 6. obtained from Dr. T Minson, Cambridge). 
The fusion protein is expressed as a 85kDal band visible on Western blots together with lower molecular weight bands 
down to SOkDal in size. The lower molecular weight bands could correspond to proteolytic cleavage products of gD or 
represent the products of premature translational temnination within the coding region of gD due to ribosomal pausing. 
The fusion protein is expressed in the salmonella strains SL5338 and SL3261. 

EXAMPLES 

Construction of pTECH2- FMDV/SIV Repitopes 

Peptides from the foot and mouth disease virus {FMDV, serotype A12] viral proteini [VP1 ; aa136-159] and the V2 
loop from simian immunodeficiency virus [SIV] envelope protein [gp120; aa171-190J were cloned into pTECH2 {MP. 
Broekhuijsen etalJ. Gen. Virol. 68. 3137-45 1987; KA Kent BtaL AIDS Res. and Human Retro. 8:1147-1151 1992]* 

Complementary oligonucleotides encoding the peptides were designed with a codon selection for optimal expres- 
sion in E. coli [H. Grosjean et al Gene. 18, 199-209. 1 982]. The oligonucleotides are shown in Table 3. The oligonu- 
cleotides were tailored with Bglll and Sfiel cohesive ends which were generated upon annealing and cloned into 
pTECH2 which had previously been digested with BamHI and Sgel (Figure 3). Dimeric. tetrameric and octameric 
fusions of these peptides were constructed as described previously. 

Expression of the TetC-fusions was assessed by SDS-PAGE and Western blotting with a polyclonal sera directed 
against TetC and monoclonal antibodies directed against either the FMDV or the SIV epitopes. The FMDV and SIV 
repitope constructs expressed the TetC fusion proteins in both SL5338 and SL3261 . 

EXAI^PLE 9 

Construction of pTECH2- qp120-P28 Peptide Heteromers 

To explore the possibility of delivering more than one type of epitope from a single molecule of TetC, fusions hav 
been made with the P28 and SI V repitopes to produce a tripartite protein. This form of construction has been facilitated 
by the modular nature of the vector which allows the assembly of vector modules containing different repitopes. These 
■heteromers' express either tandem dimers or tetramers of the P28 and SIV repitopes. To Investigate the effect of the 
position of a particular repitope in the TetC-Repitope A-Repitope B fusion on its expression level, stability, and immu- 
nogenicity, the converse combinations have also been constoicted i.e. TetC-Repitope B-Repitope A, as is shown in 
Figure 11. •Heteromers" constructed in this way are TetC-P28 dimer-SIVdimer, TetC-SI V dimer-P28 dimer. TetC-P28 
tetramer-SlV tetramer and TetC-SlV tetramer-P28 tetramer. 

Expression of the tripartite fusions were evaluated by SDS-PAGE and Western blotting using the antibody reagents 
described above. These heteromer constructs are alt expressed in the Salmonella strains SL5338 and SL3261, but 
intriguingly the expression level and stability is greater in one dimer-dimer and tetramer-tetramer combination (T tC- 
gp120-P28] than the converse. 

EXAMPLE 10 

MATERIALS AND METHODS 

Plasmlds. Oligonucleotides, and the Polymerase Chain Reaction 

The plasmid pTETnirlS directs the expression of fragment C from tetanus toxin under the control of the nirB promoter 
[Chatfield et ai idem Oxer et al idem The TetC-hinge fusion vector pTECHI was constructed from pTETnirl 5 by the 
polymerase chain reaction (PCR) described by Mullis etal, 1986. PCR was performed using the high-fidelity thermosta- 
ble DNA polymerase from Pyrococcus furiosus. which possesses an associated 3'-5' exonucfease proofreading activity 
[K.S. Lundberg et al Gene 108: 1 -6. 1 991 ]. The amplification reaction was performed according to the manufacturer's 
instructions (Stratagene). 

Bacterial Strains 

Th bacterial strains used were EcoN TG2 (recA; (J. Sambrook etal Molecular cloning: a laboratory manual. Cold 
Spring Harbor. New Yoric, 19891). S.typhimurlum SL5338 (qalE rm* [A. Brown J. Infect. Dis. 155: 86-92. etalJ. Infect. 
Dis. 155: 86-92. 1987]) and SL3261 (aroA); [S.K. Hoiseth ef a/Natur 291. 238-9, 1981 J. Bacteria were cultured in 
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m^ln h V ? °" "''^ ^P''''"'" ^'S/ml) if appropriate. Plasmid DNA prepared in E coll was first 

For electroporat.on, cells growing in mid-log phase were hao/ested and washed in half the initial cuSSvSl 

cold water. 1/10 volume of ice-cold glycerol (10%). and finally the cells were resuspended to a cllntraS 0^^^^ 

^h^lT lT 1 ' P^'^'"'^' '''^ ' °f 60 /cells and ^ZgTS^SDm 

Thecells were pulsed using the Porator from Invitrogen ( settings: vottage= 1 750 ^.v, capacitance = 40 uF fsSnce 

w«?^inM Tr'^'''°*' ^"PP'^'"^"'^^ -"t^ 20 mM glucose was added immediately and the cel^ grown a C 
wJhgentleshak.ngforl-l.5h. Thecells werethanplatedonL^garplatescont 

SDS-PAGE and Western Blotting 

with? "^^^^ '^"'^ SDS-PAGE and Western blotting. Cells growing in mid-loq phase 

wrthant,b.ot,c selection were harvestedbycentrifugationandlheproteinsfractionated^ 

were transferred to a nrtrocellulose membrane by electroblotting and reacted with either a polyclonal Tabb^anSrS 
directed against TetC or the full length P28 protein. The blots were then probed with goat StkablJ-lg cc^i^^^^^^^ 
horseradish peroxidase (Dako. UK) and developed with 4-chloro-1-naphthol. ^ 

Glutathio ne-Aoarose Affinity Purification 

woc^f ^''P'®^*"^ TetC full length P28 gene fusion were grown to log phase, chilled on ice and har- 

cTlL'h " "hT°"w'' f '^''^ -suspended in T/Jsth tf^e origTnaTv^'ume of 

cold phosphate buffered saline(PBS)andlysed by sonicationinaMSESoniprep. The insolublemaLalwaT^^,^^ 

?SoL i """'"^ ^'"'^ temperature for 1 h the beads were collected by centrifugal at 

X-1 00 and the beads collected again by centrifugation. The washing step was repeated three more times T?ie fusi^ 
protein was eluted by adding 1 volume of 50 mM Tris-HCI. pH 8.0 confining 5.0 mM red ce7gSL (SiS 

repeated five more times and the supernatant fractkxis analysed by SDS-PAGE. 
Animals 

weeL'of age^^^^' ""'''''"^ "^"^ ^ 'east 8 

Inoculations and viable c ounting or organ homoaenates 

nn,.«^l^?r'^ ?T ''^"''^ "'""^ supplemented with 100 ^9/mI ampicillin as required For intrave- 

nous inoculation, stat^nary cultures were diluted in PBS and animals were given app^ox IOB cfu fr, alatera teH vl 
in 02 ml. For oral inoculaUon. bacteria were grown in shaken overnight cultures, cTnUrated by «ntSu2 ^ Z 
^Tr^TT ^PP^~«'y 5X103 cfu in 0.2 ml intragastrically via a gavage tube. The Inoculum S^'w^re 
checkedbyv«b^countsont,yptfcsoyagar.ForviablecountsonorganhomogenJes,gro^^^ 

separa ,n 10 ml drilled water in a Colworth stomacher [C.E. Hormaeche ImmuJ^logy 37, 311-318^91 an^ 
viable counts perfomied on tryptic soy agar supplemented with 100 ng/ml ampicillin. ' 

Measurement of antibody responses 

Antibodies were measured by solid phase immunoassay. 96-well-flat bottomed plates were coated with either 0 1 
<!!^ n ' " n ^I" ^^'"^^"^^ ^°""^«<="- Beckenham UK) or 1 ^Xc^bran! P28 

ncuS,Sr.ctH ^-"-)'" 100t^°'0-1 Mcarbonatebuffe,;H9.6.re?rmSit 

incubatran at 4-C the plates were incubated for 1 h at 37'C. Blocking of non-specific binding sites was carried ou tw 

wToT/Twer^,' S"^- r "•^^ ^ ^ ' ' P'ates wt- wS e^^^^ tl 

r«r« . ? f ^ """^ ^ semiautomatic EUSA washer (Trtertek, Ftow/ICN. Herts UK) 100 id of 

hour aZTl^^l^^T"' "^t '"^ ^''^'^ ^ P'^'- - ^ ir,cub:!e<^ fori 

hour at 37 C. The plates were washed as above and 100 jxJ of hors radish peroxidase conjugated coat antimouse 
.mmunogrobulins (Dako. Bucks UK), diluted according to th manufacturer-sLtructions iS c^Se^i perwas 
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added to each well and incubated for one hour at 37°C. The plates were washed as above and three more washes 
were given with PBS alone. The plates were developed using 3,3\3,3'-tetramethylbenzidine dihydrochloride (Sigma) 
according to the manufacturer's instructions using phosphate/citrate buffer, pH 5.0 and 0.02% hydrogen peroxide. The 
plates were incubated for 10-15 min at 37'*C after which the reaction was stopped with 25 ^1 3M H2SO4 (BDH). The 
plates were read in an ELISA reader at 450 nm. 

Measurement of T-cell responses 

Spleens from mice vaccinated 6 months in advance were removed aseptically and single cell suspensions were 
prepared by mashing the spleens through a stainless steel sieve with the help of a plastic plunger. Cells were washed 
once in RPM11640 medium (Ftow/ICN) at 300xg and incubated in Ge/s solution to lyse the red cells. White cells were 
washed twice more as above and resuspended in complete medium, i.e. RPMI1640 supplemented with 100 U/ml 
penicillin G (Flow/ICN), lOOng/ml streptomycin (Flow/ICN). 2X10-5 M B-mercapto-ethanol (Sigma), 1mM N-(2-hydrox- 
yethyl-piperazine-N'-(2-ethanesulphonic acid) (HEPES) (Flow/ICN) and 10% heat inactivated newborn bovine serum 
(Northumbria Biolabs, Northumberland, UK). For isolation of T-cells, spleen cells were treated as above and after lysis 
of red cells the white cells were resuspended In warm (37*C) RPMI1640 and passed through a Wigzell glass bead 
column [H. Wigzell. er a/Scand, J. Immunol 1: 75-87, 1972]. 

Cells were plated at 2Xl06/ml in a final volume of 200 pi of complete medium in 96-well plates in the presence of 
the relevant antigens. These were either an alkali-treated whole cell soluble extract of S.typhimurium C5 prepar d as 
described in Villarreal et al, [Microbial Pathogenesis 1 3: 305-31 5. 1 992] at 20 |ig/ml final concentration; TetC at 1 0 ng/ 
ml; recombinant Schistosoma mansoni P28 at 50 jig/ml; and S. mansoni whole adult worm extract (a kind gift from Dr 
D Dunne. Cambridge University) at 20 ^g/ml. Cells were incubated in a 95% humidity. 5% CO2, 37'C atmosph re. 

Feeder cells for T-cells for animals immunised with SL3261 (pTECHI-P28) were obtained from syngenec BALB/c 
naive spleens prepared as alDOve, For mice immunised with pTETnirlS, feeder cells were obtained from similarly im- 
munised animals. After red cell lysis and two washes with RPMI1640 cells were X-ray irradiated at 2000 rads and 
washed twice more. These antigen presenting cells were resuspended in complete medium to give a final ratio of 1 :1 
with T-cells. 

IL'2 production and assay 

T-cell suspensions were plated as above. After two days. 50 ^il of supernatant was harvested and added to 1x10* 
cells/well CTLL-2(IL-2 dependent) in 50 ^l of medium. CTLL-2 cells were obtained from Dr J Ellis. University College. 
London UK and maintained in RPMI1640 supplemented as above, substituting the newborn bovine serum for foetal 
bovine serum. After 20 h, 20 of MTT at a concentration of 5 mg/m! in PBS were added. MTT transformatbn was 
measured as indicated elsewhere [Tada etal. J. Immunol. Methods 93: 157-165, 1 986]. results were expressed as the 
mean of the optical density of triplicates read at 570 nm using a reference fitter of 630 nm. Significance was determined 
by Student's t-test. 

BACTERIAL SAMPLE DEPOSITS 

Salmonella typhimurlum strains SL3261-pTECH1. SL3261-pTECH1-P28. SL3251-pTECH2. 
SL3261-pTECH2-P28 Octamer and PTE79 have been deposited at the National Collection of Type Cultures. 61 Col- 
indale Avenue. London. NW9 5HT. UK, on 15th July 1993 under Deposit Numbers NCTC 12831 . NCTC 12833, 12832. 
12834 and 12837 respectively. 
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TABLE 1 

DNA SEQUENCES OF OLIGQWT ICLEOTIDES UTir. TSFn in THE 
cur<5THUCTinM OF THE TETr-HINGE VECTOR.!; 

A). Primer 1 . Sense PCR (21iner). (SEQ ID NO; 4) 

SacII 

5 'AAA GAC TCC GCG GGC GAA GTT -3' 
TETANUS TOXIN C FRAOIENT SEQ. 

B J. Primer 2, Anti-Sense PCR Primer (64mer). (SEQ ID NO: 5) 

BaiHI STOP Spel ftal EiQ nciOH 

5'- CTAT GGA TCC TTA ACT ACT GAT TCT JiGA (353 CCC 



GTC GTT GGT CCA ACC TTC ATC GGT -3 ' 
TETANUS TOXIN C FRAGMENT SEQ, 3 '-END 

C). The p TECH2 Linker (SEQ ID NO: 6) 

Xbal BamHI EcoRV Hindlll Spel Stop XBamHI* 
5'-CTAGA GGATCC GATATC AAGCTT ACTAGT TAA 5-3' 

3'-T CCTAGG CTATAG TTCGAA TGATCA ATT ACTAG-5 ' 

*This BamHI recognition sequence is now destroyed. 



TABLE 2 



T-Cell responses 
Schistosoma ma 
(pTETnirlS) orS 


i (IL-2/IL-4 production) elicited by alkali treated salmonella whole cell extract (CSNaOH), TetC. 
nson/ whole adult worm antigen (SWA), and recombinant P28 in mice immunised with SL3261 
L3261(pTECHl.P28), 








Stimulating antigen 


Immunising 
strain 


none 


CSNaOH 


TetC 


P28 


SWA 


SL3261 
(pTETnir15) 


2±4 


67±5 


41±1 


0 


0 
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TABLE 2 (continued) 



T-Cell responses 
Schistosoma ma 
(p 1 c 1 nirioj Of s 


J (lL-2/iL-4 production) elicited by alkali treated salmonella whole cell extract (CSNaOH). TetC 
nson/ whole adult worm antigen (SWA), and recombinant P28 in mice immunised with 813261 
L3261{pTECH1.P28). 








Stimulating antigen 


Immunising 
strain 


none 


CSNaOH 


TetC 


P28 


SWA 


SL3261 

(PTECH1-P28) 


6±2.6 


109+10 


50±8 


25±8 p<0.001 


17±6 p<0.01 


Results expressed as (Agyo-Aeao) x 1000±S.D. 
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TABLE 3 

Oqliaonucleotide Sequences for HSV, FMDV. and Siv. 
HSVl oD Gene 

PGR Primer 1: 5 • -AATGGATCCAAATATGCCCTGGCGGATGC-3 ' 
(SEQ ID NO: 7) 

PGR Primer 2: 5 ' -TTAAGTAGTGTTGTTGGGGGTGGCCGGGGGAT- 
(SEQ ID NO: 8) 

FMDV VPl Epitope 
Oligo 1: 

5 • -GATCTAAATAGTCTGCTTCTGGTTCTGGTGTTGGTGGTGAG 
TTGGGTTGTCTGGGTCCGCGTGTTGCTGGTCAGCTGA- 3 ' 
(SEQ ID NO: 9) 

Oligo 2: 

5 • -CTAGTCAGCTGAGGAGCAACAGGGGGAGCCAGAGAACCGAA 
GTCACGAGGAAGACCAGAAGCAGAAGCAGAGT ATTTA- 3 
(SEQ ID NO: 10) 



SIV TO120 Epitope 
Oligo 1: 

5 • -GATCTAAGATGAGGGGTCTGAAACGTGATAAAACCAAAGAA 
TACAAGGAAACGTGGTACTCTACCA-3 ' 
(SEQ ID NO: 11) 

Oligo 2: 

5 ' -GTAGTGGTAGAGTAGCAGGTTTGGTTGTATTCTTTGGTTTT 
ATGACGTTTCAGACCGGTGATGTTA-3 * 
(SEQ ID NO: 12) 

Sm P28 Gene 

PGR Primer 1: 5 ' -TAGTCTAGAATGGGTGGCGAGCATATGAAG-3 ' 
(SEQ ID NO: 13) 

PGR Primer 2: 5 * -TTAGGATGGTTAGAAGGGAGTTGGAGGGGT-3 • 
(SEQ ID NO: 14) 

Sm P28 Epitope 
Oligo 1: 

5 ' -GATGTAAAGGGCAGGAAGAAAAAGAAAAAATGAGGAAAGAAA 
TGGTGAACGGCAAAA-3 ' 

(SEQ ID NO: 15) 

Oligo 2: 

5 ' -GTAGTTTTGGGGTTGAGGATTTGTTTGGTGATTTTTTGTTTTTGT 
TGGTGGGGTTTA-3' 

(SEQ ID NO: 16) 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT 

(A) NAME: MEDEVA HOLDINGS BV 

(B) STREET CHURCHILL-LAAN 223 

(C) CITY: AMSTERDAM 

(E) COUNTRY: THE NETHERLANDS 

(F) POSTAL CODE (ZIP): 1078 ED 

(ii) TITLE OF INVENTION: VACCINES 
(rii) NUMBER OF SEQUENCES: 20 
(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0. Version #1,25 (EPO) 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: GB 9215317 9 

(B) FILING DATE: 31-JUL-1992 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: GB 9306398 0 

(B) FILING DATE: 26-MAR-1993 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 68 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Escherichia coli 
(ix) FEATURE: 

(A) NAME/KEY promoter 

(B) LOCATION: 1„61 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
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AATTCAGGTA AATTTGATGT ACATCAAATG GTACCCCTTG CTGAATCGTT AAGGTAGGCG 



GTAGGGCC 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 68 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(ill) HYPOTHETICAL: NO 

(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

AATTCAGGTA AATTTGATGT ACATCAAATG GTACCCCTTG CTGAATCGTT AAGGTAGGCG 
GTAGGGCC 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CTACCGCCTA CCTTAACGAT TCAGCAAGGG GTACCATTTG ATGTACATCA AATTTACCTG 

(2) INFORMATION FOR SEQ ID NO: 4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

AAAGACTCCG CGGGCGAAGT T 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CTATGGATCC TTAACTAGTG ATTCTAGAGG GCCCCGGCCC GTCGTTGGTC CAACCTTCAT 
CGGT 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

CTAGAGGATC CGATATCAAG CTTACTAGTT AAT 

(2) INFORMATION FOR SEQ ID NO: 7: 
(i) SEQUENCE CHARACTERISTICS:. 
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(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

,5 AATGGATCCA AATATGCCCT GGCGGATGC 

(2) INFORMATION FOR SEQ ID NO: 8: 
(i) SEQUENCE CHARACTERISTICS: 



10 



20 



25 



40 



45 



SO 



(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY linear 



(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
^ TAACTAGTGT TGTTCGGGGT GGCCGGGGGA T 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 78 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 



29 



31 



GATCTAAATA CTCTGCTTCT GGTTCTGGTG TTCGTGGTGA CTTCGGTTCT CTGGCTCCGC 60 
GTGTTGCTCG TCAGCTGA 



78 
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(2) INFORMATION FOR SEQ ID NO: 10; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 78 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

CTAGTCAGCT GACGAGCAAC ACGCGGAGCC AGAGAACCGA AGTCACCACG AACACCAGAA 
COIGAAGCAG AGTATTTA 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 66 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

GATaAACAT GACCGGTCTG AAACGTGATA AAACCAAAGA ATACAACGAA ACCTGGTACT 
CTACCA 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 66 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL NO 
(iii)'ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

CTAGTGGTAG AGTACCAGGT TTCGTTGTAT TCTTTGGTTT TATCACGTTT CAGACCGGTC 
ATGTTA 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 3: 

TAGTCTAGAA TGGCTGGCGA GCATATCAAG 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
TTAGGATCCT TAGAAGGGAG TTGCAGGCCT 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 57 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: lin ar 

(ii) MOLECULE TYPE: DNA (genomic) 
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(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

GATCTAAACC GCAGGAAGAA AAAGAAAAAA TCACCAAAGA AATCCTGAAC GGCAAAA 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 57 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

CTAGTTTTGC CGTTCAGGAT TTCTTTGGTG ATTTTTTCTT TTTCTTCCTG CGGTTTA 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3754 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

TTCAGGTAAA TTTGATGTAC ATCAAATGGT ACCCCTTGCT GAATCGTTAA GGTAGGCGGT 
AGGGCCCAGA TCTTAATCAT CCACAGGAGA CTTTCTGATG AAAAACCTTG ATTGTTGGGT 
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GGTATCAGCT CACTCAAAGG CGGTAATACG GTTATCCACA GAATCAGGGG ATAACGCAGG I860 

AAAGAACATG TGAGCAAAAG GCCAGCAAAA GGCCAGGAAC CGTAAAAAGG CCGCGTTGCT 1920 

GGCGTTTTTC CATAGGCTCC GCCCCCCTGA CGAGCATCAC AAAAATCGAC GCTCAAGTCA 1980 

GAGGTGGCGA AACCCGAaC GACTATAAAG ATACCAGGCG TTTCCCCCTG GAAGCTCCCT 2040 

10 CGTGCGCTCT CCTGTTCCGA CCCTGCCGCT TACCGGATAC CTGTCCGCCT TTCTCCCTTC 2100 

GGGAAGCGTG GCGCTTTCTC AATGCTCACG CTGTAGGTAT CTCAGTTCGG TGTAGGTCGT 2160 

TCGCTCCAAG CTGGGCTGTG TGCACGAACC CCCCGTTCAG CCCGACCGCT GCGCCTTATC 2220 

CGGTAACTAT CGTCTTGAGT CCAACCCGGT AAGACACGAC TTATCGCCAC TGGCAGCAGC 2280 

CACTGGTAAC AGGATTAGCA GAGCGAGGTA rCTAGGCGGT GCTACAGAGT TCTTGAAGTG 2340 

20 GTGGCCTAAC TACGGCTACA CTAGAAGGAC AGTATTTGGT ATCTGCGCTC TGCTGAAGCC 2400 

AGTTACCTTC GGAAAAAGAG TTGGTAGaC TTGATCCGGC AAACAAACCA CCCaCGTAG 2460 

CGGTGGTTTT TTTGTTTGCA AGCAGCAGAT TACGCGCAGA AAAAAAGGAT CTCAAGAAGA 2520 

TCCTTTGATC TTTTCTACGG GGTCTGACGC TCAGTGGAAC GAAAACTCAC GTTAAGGGAT " 2580 

TTTGGTCATG AGATTATCAA AAAGGATCTT CACCTAGATC CTTTTAAATT AAAAATGAAG 2640 

30 TTTTAAATCA ATCTAAAGTA TATATGAGTA AACTTGGTCT GACAGTTACC AATGCTTAAT 2700 

CAGTGAGGCA CCTATCTCAG CGATCTGTCT ATTTCGTTCA TCCATAGTTG CCTGAaCCC 2760 

CGTCGTGTAG ATAACTACGA TACGGGAGGG CTTACCATCT GGCCCCAGTG CTGCAATGM 2820 

ACCGCGAGAC CCACGCTCAC CGGCTCCAGA TTTATCAGCA ATAAACCAGC aCCCGGAAG 2880 

GGCCGAGCGC AGAAGTGGTC CTGCAACTTT ATCCGCCTCC ATCCAGTCTA TTAATTGTTG 2940 

40 CCGGGAAGCT AGAGTAAGTA GTTCGCCAGT TAATAGTTTG CGCAACGTTG TTGCCATTGC 3000 

TGCAGGCATC GTGGTGTCAC GCTCGTCGTT TGGTATGGCT TCATTCAGCT CCGGTTCCCA 3060 

ACGATCAAGG CGAGTTAaT GATCCCCCAT GTTGTGCMA AAAGCGGTTA GCTCCTTCGG 3120 

4S 

TCCTCCGATC GTTGTCAGAA GTAAGTTGGC CGCAGTGTTA TCACTCATGG TTATGGCAGC 3180 

ACTGCATAAT TCTCTTAQG TCATGCCATC CGTAAGATGC TTTTCTGTGA CTGGTGAGTA 3240 

50 CTCAACCAAG TCATTCTGAG AATAGTGTAT GCGGCGACCG AGTTGCTCTT GCCCGGCGTC 3300 

AACACGGGAT AATACCGCGC CACATACaC AACTTTAAAA GTGCTCATCA TTGGAAAACG 3360 

TTCTTCGGGG CGAAAACTCT CAAGGATCTT ACCGCTGTTG AGATCCAGTT CGATGTAACC 3420 

55 

CACTCGTGCA CCCAAaGAT CTTCAGaiC TTTTACTTTC ACCAGCGTTT CTGGGTGAGC 3480 
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CACCnCCTG CGTGACnCT GGGGTAACCC GCTGCGTTAC GACACCGAAT AmCCTGAT 900 
CCCGGTAGCT TCTAGCTCTA AAGACGTTCA GCTGAAAAAC ATCACTGACT ACATGTACCT 960 
GACCAACGCG CCGTCCTACA CTAACGGTAA ACTGAACATC TACTACCGAC GTCTGTACAA 1020 
CGGCCTGAAA TTCATCATCA AACGCTACAC TCCGAACAAC 6AAATCGATT CmCGTTAA 
ATCTGGTGAC TTCATCAAAC TGTACGTTTC HACAACAAC AACGAACAW TCGTTGGTTA 
CCCGAAAGAC GGTAACGCTT TCAACAACCT GGACAGAATT CTGCGTGTTG GHACAACGC 
TCCGGGTATC CCGCTGTACA AAAAAATGGA AGCTGTTAAA CTGCGTGACC TGAAAACCTA 
CTCTGTTCAG CTGAAACTGT ACGACGACAA AAACGCTTCT CTGGGiaGG TTGGTACCCA 
CAACGGTCAG ATCGGTAACG ACCCGAACCG TGAaiCaG ATCGCTTCTA ACTGGTACn 
CAACCACCTG AAAGACAAAA TCCTGGGTTG CGACTGGTAC TTCGTTCCGA CCGATGAAGG 
TTGGACCAAC GACGGGCCGG GGCCCTCTAG AGGATCCGAT ATCAAGCTTA CTAGTTAATG 
ATCCGCTAGC CCGCCTAATG AGCGGGCTTT TTTTTCTCGG GCAGCGTTGG GTCCTGGCCA 
CGGGTGCGCA TGATCGTGCT CCTGTCGTTG AGGACCCGGC TAGGCTGGCG GGGTTGCCTT * 
ACTGGTTAGC AGAATGAATC ACCGATACGC GA6CGAACGT GAAGCGAaG CTGCTGCAAA 
ACGTCTGCGA CCTGAGCAAC AACATGAATG GTCTTCGGTT TCCGTGTTTC GTAAAGTCTG 
GAAACGCGGA AGTCAGCGCT CTTCCGOTC CTCGaaCT GACTCGCTGC GaCGGTCGT 
TCGGCTGCGG CGAGCGGTAT CAGCTCACTC AAAGGCGGTA ATACGGTTAT CCACAGAATC 
AGGGGATAAC GCAGGAAAGA ACATGTGAGC AAAAGGCCAG CAAAAGGCCA GGAACCGTAA 1920 
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(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 



AGGATCTCAA GAAGATCCTT TGATCTTTTC TACGGGGTCT GACGCTCAGT GGAACGAAAA 2580 
CTCACGTTAA GGGATTTTGG TCATGAGATT ATCAAAAAGG ATCTTCACCT AGATCCTTTT 2640 
AAATTAAAAA TGAAGTTTTA AATCAATCTA AAGTATATAT GAGTAAACTT GGTCTGACAG 2700 
TTACCAATGC TTAATCAGTG AGGCACCTAT CTCAGCGATC TGTCTATTTC GTTCATCCAT 2760 
AGTTGCCTGA CTCCCCGTCG TGTAGATAAC TACGATACGG GAGGGCTTAC CATCTGGCCC 2820 

CAGTGCTGCA ATGATACCGC GAGACCCACG CTCACCGGCT CCAGATTTAT CAGCAATAAA 2880 

,^ CCAGCCAGCC GGAAGGGCCG AGCGCAGAAG TGGTCCTGCA ACTTTATCCG CCTCCATCCA 2940 

GTCTATTAAT TGTTGCCGGG AAGCTAGAGT AAGTAGTTCG CCAGTTAATA GTTTGCGCAA 3000 

CGTTGTTGCC ATTGCTGCAG GCATCGTGGT GTCACGCTCG TCGTTTGGTA TGGCTTCATT 3060 

20 

CAGCTCCGGT TCCCAACGAT CAAGGCGAGT TACATGATCC CCCATGTTGT GCAAAAAAGC 3120 

GGTTAGCTCC TTCGGTCCTC CGATCGTTGT CAGAAGTMG TTGGCCGCAG TGTTATCACT 3180 

CATGGTTATG GCAGCACTGC ATAATTCTCT TACTGTCATG CCATCCGTAA GATGCTTTTC 3240 

TGTGACTGGT GAGTACTCAA CCAAGTCATT CTGAGAATAG TGTATGCGGC GACCGAGTTG ' 3300 

CTCTTGCCCG GCGTCAACAC GGGATAATAC CGC6CCACAT AGCAGAACTT TAAAAGTGCT 3360 

CATCATTGGA AAACGTTCTT CGGGGCGAAA ACiaCAAGG ATCTTACCGC TGTTGAGATC 3420 

CAGTTCGATG TAACCCACTC GTGCACCCAA CTGATCTTCA GCATCTTTTA CTTTCACCAG 3480 

« CGTTTCTGGG TGAGCAAAAA CAGGAAGGCA AAATGCCGa AAAAAGGGAA TAAGGGCGAC 3540 

ACGGAAATGT TGAATACTCA TACTCTTCCT TTTTCAATAT TATTGAAGCA TTTATCAGGG 3600 

TTATTGTCTC ATGAGCGGAT ACATATTTGA ATGTATTTAG AAAAATAAAC AAATAGGGGT 3660 

TCCGCGCACA TTTCCCCGAA AAGTGCCACC TGACGTCTAA GAAACCATTA TTATCATGAC 3720 

ATTAACCTAT AAAAATAGGC GTATCACGAG GCCCTTTCGT CTTCAAGAA 3759 

« (2) INFORMATION FOR SEQ ID NO: 1 9: 

(i) SEQUENCE CHARACTERISTICS: 



27 



EP 0 652 962 B1 

(V) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

TCTAGAGGAT CCGATATCAA GCTTACTAGT TAATGATC 

JO 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: circular 

(ii) MOLECULE TYPE: peptide 
(V) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Gly Pro Gly Pro Set Arg Gly Set Asp lie Lys Leu Thr Ser 
1 5 10 



Claims 



1. A valine composrton coaipns.ng a pharmaceutically acceptable carrier and an attenuated bacterium containing 

I ? ? .'T''"^'"^ ^ '^'^'^ ^^^^^ °' P'°^«*"9 expression of a sequence under, and has 

actwrty wliich IS induced under, anaerobic conditions, the promoter being operably linked to a DNA sequ nc 
encoding first and second proteins linl<ed by a chain of amino acids defining a hinge region. 

^' 1 '^ereinthepromoteristhenirBpromoterorapartorderivativeth reof 

which IS capable of promoting expression of a sequence under anaerobic conditions. 

^' ^£tcidr'''°'"'°" ^'^''^'"^ '° "^'"^ ' °' "'^'^ ^ ^'"3* ~^P""^^ P"'""^ s'y'^*"^ 

4. A vaccine composition according to any one of the preceding claims wherein the first protein is an antigenic s - 
quencecompnsing tetanus toxin C fragment or epitopes thereof. 

5. A vaccine composition according to any one of the preceding claims wherein the second protein is an antigenic 
determinant of a pathogenic microorganism. ci.,uaw,«, 

6. A vaccine composition according to claim 5 wherein the antigenic detemiinant is an antigenic sequence derived 
fromavirus.bactenum. fungus, yeast or parasite. v,ou«ii»bu 

7. A vaccine composition according to claim 6 wherein the antigenic sequence is derived from the P28 protein of 
Schistosoma mansoni. 

8. A va«:ine composition according to claim 6 wherein the antigenic sequence is derived from human papilloma virus 



Virus. 



9. Avaccin composition according to claim 6 wherein th antigenic sequence is derived from herpes simplex 
^ °' tfMDV)^ °°"'P*^"»" «'=~^^'"9 to ^^j^^ 6 wherein the antigenic sequence is derived from Foot^nd-Mouth vims 
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11. A vaccine composition according to any one of the preceding claims wherein the attenuated bacterium is selected 
from the genus Salmonella. 



Patentansprflche 

1. Impfstolfzusanunensetzung, umfassend einen pharmazeutisch annehmbaren Trager und ein attenuiertes Bakte- 
rium, enthaltend ein DNA-Konstrukt, das einen Promotor umfaGt. der in der Lage ist, die Expression einer Sequenz 
unter anaeroben Bedingungen zu fordern und Aktivitat aufweist. die unter anaeroben Bedingungen induziert wird, 
wobei der Promoter funktionstuchtig mit einer DN A-Sequenz verknuptt ist. die fur erste und zwelte Proteine codiert, 
welche verknupft sind durch eine Kette von Aminosauren, die eine Gelenkregion definiert. 

2. Impfstoffzusammensetzung gemaB Anspruch 1 , wobei der Promotor der nirB-Promotor oder ein Teil oder ein De- 
rivat davon ist, der in der Lage ist. die Expression einer Sequenz unter anaeroben Bedingungen zu fordern. 

3. Impfstoffzusammensetzung gema3 Anspruch 1 oder Anspruch 2, wobei die Gelenkregion Prolin- und/oder Glycin- 
Aminosauren umfa3t. 

4. Impfstoffkusammensetzung gema3 irgendeinem der vorstehenden Anspruche, wobei das erste Protein ein an- 
tigene Sequenz ist, welche ein Tetanus -Toxin-C-Fragment oder Epitope davon umfaGt. 

5. Impfstoffkusawmensetzung gema3 irgendeinem der vorstehenden Anspruche. wobei das zweite Protein eine an- 
tigene Determinante eines pathogenen Mikroorganismus ist. 

6. Impfstoffzusammensetzung gema3 Anspruch 5. wobei die antigene Determinante eine antigene Sequenz. abge- 
leitet aus einem Virus, Bakterium, Pilz, Hefe oder Parasiten, ist. 

7. Impfstoffzusammensetzung gema3 Anspruch 6, wobei die antigene Sequenz von dem P28-Protein von Schisto- 
soma mansoni abgeleitet ist. 

8. Impfstoffkusammensetzung gema3 Anspruch 6, wobei die antigene Sequenz aus humanem Papillomvirus (HPV) 
abgeleitet ist. 

9. Impfstoffzusammensetzung gema3 Anspruch 6. wobei die antigene Sequenz aus Herpes Simplex-Virus abgeleitet 
ist. 

10. Impfstoffzusammensetzung gemaB Anspruch 6, wobei die antigene Sequenz aus Maul-und-Klauenseuchen-Virus 
(FMDV) abgeleitet ist. 

11. Impfstoffzusammensetzung gemaB irgendeinem der vorstehenden Anspruche, wobei das attenuierte Bakt rium 
aus der Gattung Salmonella gewahit ist. 



Revendlcations 

1. Une composition de vaccin comprenant un vdhcule pharmaceutiquement acceptable et une bactdrie att6nu6 
contenant une construction d*ADN comprenant un promoteur qui est capable de promouvoir I'expression d'une 
sequence, et a une activity qui est induite dans des conditions ana6robies, le promoteur 6tant Ii6 de mani6r 
fonctionnelle £t une sequence d'ADN codant pour une premidre et une seconde prot6ine li^es par une chaTne 
d'acides amines d^finissant une region chami6re. 

2. Une composition de vaccin selon la revendication 1 dans laquelle le promoteur est le promoteur nirS ou une partie 
ou un ddrivd de celui-ci qui est capable de promouvoir I'expression d'une sequence dans des conditions ana^ro- 
bies. 

3. Une composition de vaccin seton la r vendication 1 ou la revendicatbn 2 dans laquelle la region chami^re com- 
prend des acides amines proline et/ou glycine. 
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^' oZT^a^ revendications precedentes dans laquelle la premiere 

prote,neestune sequence antig^nquecomprenantlefragmentCde la toxinedutetanosoudes 

oZ^T^u!r^-T revendications pr6c6denles dans laquelle la seconde 

proteine est un determinant antig^nique d'un micro<rganisme pathog^ne. 

6. Une composition de vaccin selon la revendlcation 5 dans laquelle le determinant antig^nique est une sequence 
antigenique provenant d'un virus, d'une bact^rie, d'un champignon, d'une levure ou d'un parasite 

vToTsZTn (HPn'"" " ^ ^^-"^ ^ antigenique provient du papilloma- 

^' s^lTpST'''^^''^''^"^'"'"'"'""'^'"^^"^^^ 

11. Une composition de vaccin selon I'une quelconque des revendications pr6c6dentes dans laquelle la bact^rie at- 
t6nuSe est choisie dans le genre Salmonella. ^ oaciene at 
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Examples of Hetcrom^r^ 



TET C 




-VET C 





— S.mofvsonl P2S epitope 
A = S IV 9p 120 V2 epitope 



FIGURE 11 
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FIGURE 12 



DNA Sequence of the Vector pTECHl 



(SEQ ID NO: 17) 




'rciGAIGGGCrCC3Cl«AA2?CA^ 
KnrrAAGCTCGACCGITGCM^^ 

TltSCa^CCAAaSACaOGCaSGQGC^^ 




TOCT 
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FTTBCHl DNA Seq^ience continued 



TAATCAGCGGGCTTITITIT^^ 
GTCCIXXTSlCGriGAGGACCO^^ 
GAATCACCXSATRCGCGAGCGAAa?^^ 
GCAACAACAIGAATOGIC^^ 

QCTAICAGCra^CICAAAGGC^ 
AAAGAACATOTGAGCAAAAGGCXIAGCAAAA^^ 

GAGCntSGCGAAACCCGaUilAGGAClOT^ 

^3GGAAGOGIt3GCGCITI^^ 

OGGTAACIMa?ICiTGAGIXX^ 
CACIGCTAACAGGATIMCW^^ 

ACnTACCrraGGAAAAAGAGrTtXjTAGC^ 

CAGTGAGGCACCrAICICAGCG A^ 

CGlCCJiUTAGAXAACTACGATAOKX^AGG 

ACOGCGAGACCCAOGCICACXXSGCIXX:^^ 
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pTECHl DNA Sequence continued 
ACIGCATAA37PCICr]^^ 



AAiUU^CAGGAi«3CAAAAroca3C^^ 
CCGAAAJgSlQCCACCIGAOGTCTAAGAAAC^^ 

- 3754bp 
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FIGURE 13 
DNA Sequence of the Vector pTECH2 
(SEQ ID NO: 18) 

' TltZAGGnraAATTIGATCT^^ - 60bp 

CGTis^GcrrxrnsGCTGa:^^ 

ArCIOUiUACITCA:XAAACIG^ 
AICCGCTAGCCCGCCrAATGaaJUj^ 

CGGgIGCGCASG A ::T;33I CC I t^^ ^ ^ i ' lU,L.Tl ' 
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pTEOil rm. Sequence continued 

GftAACg33GAAgICAGCGCK:il^.LU,TIU.-iUX:^^ 
■^■CGGCTGOSSCGAGOGCnsiTCAGCTI^^ 



°SCrciGCTGAASOCAGTrACCI^^ 

Auxxvju^-a\jACICCCa:iUl.U'lUTAGATAj03tfSA^ 
CP>GCCAGCCGGRAGGGCaSft03XBG^ 
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prssu OTA Sequence continued 
CicxTCaXXSGOGICW^CAO^^ 
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Xbal BaaHi £coRV Hindlll Spel Stop BaaHi 

—HINGE TCTAGA GGATCC GATATC AAGCTT ACTAGT TAA TGATC 

AGATCT CCTAGG CTATAG TTCGAA TGATCA ATT IcTAG 
(SEQ ID NO: 19) ^ 

GPGP SRGSDIKLTS* 

(SEQ ID NO: 20) 



FIGURE 14 
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